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Introduction. Rice (Oryza sativa L.) is one of the world’s most important cereal crops, serving as a staple food for billions of
people and providing a primary source of income for many agricultural communities. It is cultivated in over 100 countries, with
Asia accounting for the majority of production and consumption. Rice contributes substantially to daily caloric and protein
intake, supplying approximately 60% of daily caloric intake and nearly 50% of dietary protein in many regions (FAO, 2018).
With the increasing global population, rising food demand, and climate variability, developing high-yielding, high-quality, and
environmentally adaptable rice varieties has become essential for global food security and sustainable agriculture. Grain yield is
a complex polygenic trait influenced by multiple morphological, physiological, and quality characteristics, which complicates
direct selection in breeding programs (Debsharma et al., 2020; Nath, 2015). Understanding the relationships among yield and
related traits is therefore critical for effective breeding. The exploration of genetic and phenotypic diversity within rice
germplasm provides opportunities to identify superior genotypes and develop improved varieties, providing valuable resources
for breeding programs (Thomson et al., 2007). Evaluating this variability using biometric parameters such as genetic and
phenotypic variation, heritability, and expected genetic advance allows breeders to select traits with the greatest potential impact
on yield and performance (Begna & Teressa, 2024). Multivariate statistical analyses, including principal component and cluster
analyses, are effective tools for quantifying genetic diversity, revealing hidden patterns among traits, and guiding the selection
of superior genotypes (Sharifi, 2018). These methods reduce data dimensionality, clarify complex trait interactions, and help
prioritize traits for breeding programs, enabling more efficient improvement of rice varieties. In this context, the present study
aimed to evaluate a population of rice genotypes in terms of agronomic and yield-related traits using multivariate statistical
methods, with the goal of identifying genotypes possessing optimal combinations of traits for use in future breeding programs.

Materials and Methods. A total of 144 backcross inbred lines (BILs, BC2F4) derived from a cross between Hashemi (recurrent
parent, with superior cooking quality) and IR67418-110-32222 (donor parent, contributing desirable agronomic traits) were
evaluated. The study aimed to combine the high-quality traits of Hashemi with improved morphological and yield-related
characteristics from the donor parent. The experiment was conducted under field conditions in a randomized complete block
design with three replications. Seedlings were transplanted at a spacing of 20 x 20 cm, and standard agronomic practices,
including fertilization, irrigation, and pest and weed management, were applied. Ten quantitative traits were measured following
the Standard Evaluation System (SES) for rice (IRRL, 2002): Grain yield, panicles per plant, spikelets per panicle, filled grains
per panicle, 1,000-grain weight, plant height, panicle length, flag leaf area, days to 50% flowering, and days to maturity. Data
were analyzed using SAS 9 (SAS Institute, 2002) for analysis of variance and mean comparisons, SPSS 24 (IBM SPSS Statistics,
2016) for correlation, factor, and cluster analyses, and Python 3.13 (Python Software Foundation, 2025) for heatmap
visualization of trait associations. Superior and diverse genotypes were identified for potential use in future breeding programs.
Results and Discussion. Descriptive statistics revealed wide variation among the BIL genotypes for all evaluated traits,
including plant height, panicle length, panicles per plant, spikelets per panicle, flag leaf area, 1,000-grain weight, filled grains
per panicle, and grain yield. The broad ranges observed for flowering and maturity times indicated the presence of early-,
medium-, and late-duration genotypes within the population. Frequency distributions for most agronomic and yield-related traits
were continuous and near-normal, suggesting polygenic inheritance and sufficient quantitative variation for effective selection.
Analysis of variance showed significant differences among genotypes for all traits. Combined with the high heritability estimates,
this indicated that much of the observed variation was genetically controlled. Correlation analysis revealed significant positive
associations between grain yield and traits such as panicles per plant, flag leaf area, spikelets per panicle, filled grains per panicle,
and panicle length, highlighting their value as indirect selection criteria. In contrast, the correlations between flowering traits
and grain yield were small and non-significant, likely due to environmental conditions during the late growth stages and the
stronger contribution of yield-component traits to final productivity. Factor analysis extracted four major components explaining
76.97% of the total variation, corresponding to growth and phenology, reproductive capacity, yield-defining traits, and grain
physical characteristics. Cluster analysis grouped the genotypes into two groups: Group I contained high-yielding lines with
superior values for major yield components, whereas Group II, which included the recurrent parent Hashemi, exhibited lower
performance for yield-related traits. The cophenetic correlation coefficient of 0.88 confirmed the robustness of the clustering
pattern. Overall, the results indicated that grain yield in the BIL population is governed by multiple interacting traits, and traits
such as panicle length, filled grains per panicle, and flag leaf area are key indicators for identifying superior lines for breeding
programs.

Conclusion. The findings of this study demonstrated that the backcross-derived inbred population developed from Hashemi and
IR67418-110-32222 provides a valuable genetic resource for improving both grain yield and quality in rice. Multivariate
analyses confirmed that grain yield resulted from the combined influence of multiple morphological and reproductive traits
rather than any single attribute, underscoring the need for multi-trait selection strategies. The clear genetic variation revealed
through variance analysis, factor structure, and clustering further indicated the presence of distinct groups of superior genotypes
that can serve as promising parents in future breeding programs. Overall, the study highlighted the importance of integrating
morphological traits, yield components, and grain characteristics when selecting elite genotypes. These results provided practical
guidance for breeders aiming to develop high-performing and high-quality rice cultivars adapted to diverse environments and
support the continued use of multivariate approaches to accelerate breeding efficiency.
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Table 3. Analysis of variance for yield and yield-component traits.
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Figure 2. Heat map of correlation coefficients between yield and yield-component traits.
The numbers inside the cells indicate the Pearson correlation coefficient. The colors represent the strength and direction of the
correlation. ns, " and ™" indicate non-significant, and significant at the 5% and 1% probability levels, respectively.
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Table 4. Factor analysis of yield and yield-component traits.
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Table 5. Discriminant function analysis to evaluate the accuracy of cluster grouping for yield and yield-component traits.
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Table 6. Cluster means and percentage deviations from the grand mean for yield and yield-component traits.
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Figure 3. Dendrogram derived from cluster analysis of yield and yield-component traits.
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